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Description of TraDeRa (Transparent Detector for Radiotherapy)
 QA prototype, upstream to the 
patient, no dead-zone
 Different sizes of electrodes (pixels)
 Measured uniform transparency 
~ 2% for 6 MV photon beams
 20x20 cm² field at the isocenter
 2D signal map for each and every Linac pulse (period ≈ 5 ms)
 Sensitive to 1% dose deviation with respect
to a given reference treatment plan
Next step : dose reconstruction in a 
water tank from TraDeRa signal map
Very detailed Linac simulation needed
to achieve ~2% accuracy on dose  
(standard TPS ~2% of dose deviation)
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TraDeRa’s signal map
Simulation setup and geometry (using PENELOPE [1]) 
Sectional view of the simulation geometry 
(Clinac image : PRIMO, Rodriguez et al.)
Simulation specification
 6 × 108 primary electrons to be sent in 
the target (8.3 CPU years needed)
 Hard work on simulation optimization
(variance reduction techniques, 
parameters optimization, etc…)
A simple method to determine Linac electron beam input characteristics with clinical routine measurements
Goal: Determine the characteristics of the reference Linac electron beam to reproduce as accurately as possible its photon beam 
and the subsequent dose deposition. 
2 main parameters to match with the reference Linac:
 Electron beam energy delivered by the acceleration structure (E), using percentage depth-dose
 Radial intensity of electron impact on the target (𝜎), using wide-field lateral dose profiles
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Representation of electron energy and shape of radial 
intensity of electron impact on the target
We propose here a simple method to determine the most coherent values of those two parameters, based on the ranking of 
compatibility level between a set of MC simulation and measurements of the Linac to characterize (example for energy determination) 
For a given energy j: 
𝑆𝑗 =  
𝑖=1
𝑁𝑏𝑖𝑛
(𝐷𝑚𝑒𝑎𝑠
𝑖 − 𝐷𝑀𝐶𝑗
𝑖 )²
𝐷𝑚𝑒𝑎𝑠
𝑖 : measured dose @ depth given by the bin i
𝐷𝑀𝐶𝑗
𝑖 : randomized MC dose for the same depth (Gaussian 
distribution centered on the value given by simulation, 
with the standard deviation also given by the simulation)
Repeat the same 
randomization and calculation 
many times
Do this for all the MC 
energy points j to get Sj 
distributions
Each parameter will 
significantly influence 
one of the suggested 
observables ([2] [3])
Same principle used to determine the optimized radial intensity, focusing this time on extended
penumbrae of wide-field lateral profiles, and fitting with a little bit more complex equation.
Fit the mean estimators of 
all these distributions and 
extract the studied 
parameter optimal value 
(here, we fit with a degree 
2 polynomial)
NB: the lower the Sj value, the 
more compatible the sets
Results (with method validation using MC/MC agreements)
Simulation setup
 Varian Clinac® 2100 model (6 MV mode)
 Phase space file (PSF)
 TraDeRa model
 Water tank (mimic the patient)
Validation: MC/MC agreements 
 E modeled: 5.7915 MeV; extracted: 5.801±0.006
(see graph to the left)
Another energy has been tested with similar results.
 𝝈 modeled: 0.385 mm; extracted: 0.361±0.054
Application on real Clinacs 2100: 
 E Grenoble public hospital:
Lyon civil hospital:
Chambéry public hospital: 
 𝝈: Grenoble public hospital:
Conclusions and perspectives
 Simple method to determine electron beam 
initial parameters from dose measured in 
water tank
 Good precision on the energy determination, 
radial intensity is a bit more tricky to 
precisely extract
 The method can give the beam characteristics of
any Clinac® 2100 within minutes
 Next step: retrieve phase space files to 
calibrate the detector signal in dose 
deposited in water for clinical conformal 
treatments
6.181±0.003 MeV
6.092±0.002 MeV
6.092±0.002 MeV
0.224±0.062 mm
